The measurement of thresholds in sensory fields impaired by neurological damage is frequently complicated by difficulties not encountered in healthy subjects. Paramount among these difficulties are very inconsistent responses to physically identical stimuli, perseveration of response to physically different stimuli, and an abnormally high rate of fatigue-a combination which may make a number of potentially interesting observers virtually untestable. It is the purpose of this paper to describe briefly a psychophysical procedure which was developed in the course of an investigation of thresholds in damaged visual fields. This procedure has several merits. It minimizes some of the sources of response variability, makes it possible to recognize perseveration, and is economical of observations. The method is presented primarily because it may be of value in the investigation of certain groups of subjects who are especially difficult to study using standard test procedures.
There are grounds for thinking that an important contribution to the variability of the observer's response may come from variations in his response criterion. Since the development of signal detection theory it has been shown repeatedly that changes in an observer's response criterion may result in large changes in his reports of detecting faint stimuli. Now, the stability of an observer's response criterion depends, in part, on his familiarity with the appearance of the stimuli he is observing. Yet, stimuli presented in impaired sensory fields are frequently described as being of unusual appearance, appearing, for example, blurred, unexpectedly large, or of indefinite shape, locus, and extent. It is, therefore, difficult for the observer to know what he should accept as the stimulus.
To minimize this source of criterion instability, a two-alternative, forced-choice procedure was adopted. The (Green and Swets, 1966 ) that under these conditions normal observers generally set their criterion midway between the mean of the noise and the signal-plus-noise distributions.
The fact that the observer has to make a choice between two intervals, either of which may contain the stimulus, also ensures that he cannot achieve a score above chance due to perseveration of response.
Since neurological patients are usually sick and fatigue readily, thresholds must be determined as quickly as possible, and with as few observations as are compatible with obtaining reliable values. The psychophysical threshold procedure most economical of observations is the 'up and down' method introduced by Dixon and Mood (1948) . This procedure is readily modified in a variety of ways for use with a two-alternative forced-choice method of stimulus presentation (for example, Campbell, 1963 A new variant of the 'up and down' method used with a two-alternative forced-choice procedure is described below. Some evidence of its reliability in determining thresholds in impaired sensory fields is presented, together with comparisons of thresholds determined in this way with those determined using the method of constant stimuli.
METHODS
The subject was initially presented with a group of three forced-choices at a stimulus intensity level somewhat above the expected threshold intensity. After each group of three choices, the stimulus intensity was decreased by one step, until an error was made. By this means the threshold region was approached using a minimum number of observations. As soon as an error was made, the number of choices in a group was increased to six. Thereafter, the following strategy was adopted: if no errors were made the stimulus intensity was decreased by one step before the next group of six choices was made; if an error was made, the stimulus intensity was not altered; if two or more errors occurred, the stimulus intensity was increased by one step. Using such a strategy observations tend to accumulate rapidly at one or two intensity steps. Testing was terminated when a total of 21 choices had been made at one intensity level, or when the total number of choices made reached 66. Figure 1 provides an illustration of the use of this '3 to 6' choice procedure.
Ideally, such a strategy would place all observations at a single intensity level-for example, level D in Figure 1 . Unfortunately, in practice, some observations are made at other intensity levels-for example, levels A, B, C, and E in Figure 1 . However, the extent to which observations selectively accumulate at one intensity level ( (++_ +)6/ and the strategy for changing the intensity. In pilot experiments it was determined empirically that six choices per group provide satisfactory 'peaking' of observations; approximately 50% of the total observations accumulating at one intensity level. Now, if the score at Imax were always the same, this score could be selected as the threshold. Unfortunately, the score at Imax varies somewhat from one threshold determination to the next. However, it is still important that the score which is selected as the threshold should be as near as possible to the score most often achieved at Imax. This minimizes the extrapolation required in determining the precise threshold intensity. In the present strategy a score of five correct choices in a group of six choices (83 % correct) was the cue to hold the stimulus intensity constant for another group of six choices. The score most often achieved at Imax was therefore expected to be about 83 %1, and 80% correct was defined as the threshold score.
The raw data from a typical threshold determination consisted of several scores near to 80 % correct, distributed over a small number of intensity steps (see Fig. 1 ). From these scores a single estimate of the stimulus intensity at which exactly 80% of the choices would have been correct, was made. First, a separate estimate of the 80 % threshold intensity was made from each score by the use of a 'standard' frequency-of-seeing curve relating change of score to change of stimulus intensity2. These 'This is true only so long as the number of intensity steps spanning the region of threshold uncertainty is small in comparison with the total number of observations permitted in determining a threshold. (Five intensity steps and 66 observations were used by the author.) 'This 'standard' frequency-of-seeing curve was measured before the main series of experiments in a number of patients who were fit enough to make the required number of observations without undue fatigue. Two-alternative forced-choices were presented by the method of constant stimuli and the 'standard' curve was a mean of the frequency-of-seeing curves so determined. This preliminary 'standard' curve is necessary not only for the threshold calculation, but also to provide a guide to the size of the intensity steps to be used in the '3 to 6' choice procedure (See Dixon and Massey, 1957 A procedure for the determination of thresholds in impaired sensory fields separate estimates were then weighted directly by the number of decisions on which they were based, and arithmetically averaged to produce a single composite estimate of the 80% threshold intensity. To avoid biasing the result by the inclusion of scores well above the threshold, only one score above 95 % correct was included in the calculation. Similarly, only one score below 60 % was included and any score below the chance score of 50% correct was regarded as being 50 % correct.
It was expected that any errors consequent upon the use of this 'standard' curve would be small so long as the scores were scattered over only a few intensity steps, and the great majority of observations clustered around 80% correct. A comparison of thresholds determined using the '3 to 6' choice method with those determined using the method of constant stimuli (see later) suggests that this expectation was justified. SOME CHARACTERISTICS OF THRESHOLDS DETERMINED USING THE '3 TO 6' CHOICE PROCEDURE
. COMPARISON WITH THRESHOLDS DETERMINED USING
A STANDARD PROCEDURE Ten observers were used to make this comparison. All were inexperienced in psychological testing. Four of the observers were healthy. The remaining six were hospital patients, five of whom had visual field defects. Testing was carried out in the defective parts of the field in three of these patients, and in the unimpaired parts of the field in the others. All thresholds were incremental luminance thresholds on a photopic background, and all intensity steps were of 0'1 log units.
Standard apparatus was used and is described fully elsewhere (Wilson, 1967) .
In all cases a threshold determination was first made using the '3 to 6' choice procedure. A second determination was then made presenting the stimuli as a forced-choice between two alternatives, but ordering the stimulus intensities by the method of constant stimuli. The 80% correct threshold was derived by interpolation on the frequency-of-seeing curve drawn through the resulting scores. A third threshold was determined, again by the '3 to 6' choice procedure, whenever the patient's condition permitted this. The number of stimulus presentations in the constant stimuli threshold varied from 96 to 250, again depending on the patient's condition, and averaged 119 per threshold. An average of 42 observations were required for each '3 to 6' choice threshold. Table I shows the difference between the 15 pairs of thresholds determined by these two procedures. The differences are expressed in log units and a positive difference indicates that the '3 to 6' choice threshold was higher than that determined by the method of constant stimuli. The mean threshold difference is very small, being less than one intensity A number of different stimuli were employed in this investigation, and in general the standard deviations of thresholds in the two groups were very similar. However, one stimulus was employed sufficiently frequently to make numerical comparison between the groups possible. The results are presented in Table II . For each group, the first three lines show the mean thresholds determined with stimuli at 5°, 15°, and 30°from the fixation point, together with the standard deviations of the individual threshold measurements. The mean values at these three loci were made equal to produce the values of the fourth lines. It is clear that the thresholds determined in subjects with intracranial lesions do not differ significantly in standard deviation from those determined in subjects free from intracranial disease and its associated handicaps. While the present paper reports the use of this technique in determining incremental luminance thresholds, it is potentially applicable to any task in which the observer's response can conveniently be reduced to a choice between two physically different stimuli.
